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Barriers and facilitators in implementing a
pilot, pragmatic, telemedicine-delivered
healthy lifestyle program for obesity
management in a rural, academic obesity
clinic
John A. Batsis1* , Auden C. McClure2,3, Aaron B. Weintraub3, Diane Sette3, Sivan Rotenberg3,4,
Courtney J. Stevens3,4,5, Diane Gilbert-Diamond2,3,6, David F. Kotz7, Stephen J. Bartels8, Summer B. Cook9 and
Richard I. Rothstein2,3
Abstract
Purpose: Few evidence-based strategies are specifically tailored for disparity populations such as rural adults. Two-
way video-conferencing using telemedicine can potentially surmount geographic barriers that impede participation
in high-intensity treatment programs offering frequent visits to clinic facilities. We aimed to understand barriers and
facilitators of implementing a telemedicine-delivered tertiary-care, rural academic weight-loss program for the
management of obesity.
Methods: A single-arm study of a 16-week, weight-loss pilot evaluated barriers and facilitators to program
participation and exploratory measures of program adoption and staff confidence in implementation and
intervention delivery. A program was delivered using video-conferencing within an existing clinical infrastructure.
Elements of Consolidated Framework for Implementation Research (CFIR) provided a basis for assessing intervention
characteristics, inner and outer settings, and individual characteristics using surveys and semi-structured interviews.
We evaluated elements of the RE-AIM model (reach, adoption) to assess staff barriers to success for future
scalability.
Findings: There were 27 patients and 8 staff completing measures. Using CFIR, the intervention was valuable from
a patient participant standpoint; staff equally had positive feelings about using telemedicine as useful for patient
care. The RE-AIM framework demonstrated limited reach but willingness to adopt was above average. A significant
barrier limiting sustainability was physical space for intervention delivery and privacy and dedicated resources for
staff. Scheduling stressors were also a challenge in its implementation.
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Conclusions: The need to engage staff, enhance organizational culture, and increase reach are major factors for
rural health obesity clinics to enhance sustainability of using telemedicine for the management of obesity.
Trial registration: Clinicaltrials.gov NCT03309787. Registered on 16 October 2017.
Keywords: Obesity, Telemedicine, Rural, Weight loss, Pragmatic
Background
Tertiary care weight management clinics located at aca-
demic medical centers usually serve patients from large
geographic areas. Travel becomes a significant service
barrier to adults residing in remote and isolated areas,
and hence, disorders such as obesity may not be per-
ceived by patients as urgent or harmful [1]. Routinely in-
tegrating telemedicine into clinical infrastructures may
provide an opportunity to address these hurdles. Tele-
medicine can increase the exposure for low-resource
populations without access to specialized services, par-
ticularly in conditions that do not necessarily require
physical touch.
Previous health behavior change interventions using
telemedicine effectively improved readiness to change
[2] and provided effective psychiatric treatment [3]. Rec-
ognizing the need for different models of health service
delivery, we conducted a pragmatic clinical pilot trial
within our weight-management clinic aimed at providing
usual clinical care using two-way, live, telemedicine. Our
results were proven to be feasible, acceptable, and poten-
tially effective at producing weight loss [4]; yet, this de-
livery system (telemedicine) could potentially lead to
inherent challenges for both patient and provider stake-
holders. Successful implementation of evidence-based
practices requires an understanding of the barriers and
facilitators of implementing new services. Two well-
recognized frameworks for exploring implementation
factors, barriers/enablers that permit planning, evaluat-
ing practice change interventions, and why implementa-
tion succeeded or not to identify modifiable factors, are
Contributions to the literature
 Technology-delivered care can be helpful in scaling
interventions for rural adults with obesity residing in remote
areas
 Policymakers can enhance reimbursement and incentives to
promote telemedicine-delivered care to adults
 Enhancing patient/staff engagement and culture can
overcome organizational stress and enhance reach of the
intervention
the Consolidated Framework for Implementation
Research (CFIR) and RE-AIM [5]. These frameworks
have previously been applied in the context of telemedi-
cine and have found that patient and leadership engage-
ment, comfort levels with the technology, and a need to
have similar efficacy and workflows to in-person visits
were important factors [6–8]. As such, the purpose of
this analysis was to apply these established implementa-
tion frameworks to refine our intervention for a future,
large-scale trial that could ensure its long-term success
and program sustainability in rural areas. We anticipate
that our findings could provide useful guidance to others
in implementing evidence-based practices.
Methods
Study setting
Dartmouth-Hitchcock (D-H) is a 396-bed hospital affili-
ated with Dartmouth College, an Ivy League University,
and is New Hampshire’s only teaching hospital. Ambula-
tory services provide care for 1.5 million patients yearly,
consisting of 1.3 million outpatient visits. This rural
medical center is located in Lebanon, New Hampshire,
USA, a small town of 13,522 persons, within Grafton
County (population 89,396) [9], adjacent to the Vermont
border in the northeastern USA. The Center for Tele-
health leveraged institutional resources to assist with
setup, deployment, and use of telemedicine throughout
the study and was responsible for orientation, training,
and setup of the software; hardware requirements; con-
figuration of the tablets; and support, with troubleshoot-
ing back-up provided by the research assistant for any
difficulties.
Intervention study design and description
The clinical trial was conducted between December
2017 and September 2018 within the Weight & Wellness
Center clinic. During this time, the clinic saw 385 new
consultations for adult obesity management. The study
was approved by the Committee for the Protection of
Human Subjects and the Dartmouth-Hitchcock Institu-
tional Review Board and was registered at clinicaltrials.
gov #NCT03309787. The trial was a single-arm,
evidence-based weight-loss intervention [10] consisting
of an individualized 1:1 exercise and nutrition counsel-
ing behavioral change program. Participants were
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referred by their primary care provider. We enrolled 37
participants, of which 27 completed the intervention.
Participants were approached by the on-site clinician,
and if interested, a research assistant obtained informed
consent. Study recruitment methods have previously
been described [4].
The 16-week Healthy Lifestyle Program was based
on the Diabetes Prevention Program [11] focusing on
health-behavior change delivered using individual, 1:1
sessions with trained staff (see below) using telemedi-
cine. Patients underwent a comprehensive multidiscip-
linary intake. Visits lasted 30 min each, conducted by
the interventionists in the clinic using video-
conferencing. Each used motivational interviewing,
goal-setting, and coaching strategies for the telemedi-
cine participants to parallel the on-site program being
delivered for clinical care. Supplemental File #1 pre-
sents the specific curriculum. We previously demon-
strated that this program was acceptable and effective
in delivering the in-person program using telemedi-
cine on weight loss [4].
Intervention implementation
Study design
The aim of this current analysis and manuscript was to
provide information of the telemedicine-delivered inter-
vention in the pre-implementation phase that could in-
form a future, large-scale intervention and could provide
useful information to other rural obesity practices. For
this component of the study, study participants and staff
completed questionnaire measures (see below) and a
semi-structured exit interview. The Standards for
Reporting Implementation Studies are in supplemental
file #2 [12].
Study participants
Study sessions were offered by a health coach, nurse ex-
ercise specialist, and registered dietitian each of whom
were licensed and trained, having experience working
with patients with obesity for at least 5 years. An admin-
istrative assistant and a clinical secretary were respon-
sible for scheduling patient participants and was
conducted as per usual clinical care guidelines and
provider schedules. A practice manager oversaw the
clinical operations and managed staff within the clinic.
Two physicians and an advanced practice registered
nurse informed prospective participants of the study
during their initial, in-person consultations. A research
assistant was responsible for all project management
tasks, including troubleshooting of the encounters, data
entry and management, and analysis. There were 27
study completers and 8 staff who completed post-
intervention follow-up survey measures and an exit
interview on the barriers and facilitators of the interven-
tion. Interviews were all conducted by the lead author
(JAB) and were structured using the above frameworks.
Questions posed to staff are presented in Supplementary
File #3 and those to patient participants in Supplemen-
tary File #4.
Implementation assessment frameworks
We explored barriers and facilitators, including elements
from the Consolidated Framework for Implementation
Research (CFIR) [13] and the RE-AIM (Reach, Effective-
ness, Adoption, Implementation, Maintenance) [14]
frameworks.
CFIR outcome measures
We evaluated the intervention characteristics using a sat-
isfaction questionnaire (Table 1) to patient participants
(1–5 Likert scale, low to high). To measure the inner set-
ting, staff (n = 8) completed a 38-measure questionnaire
[15] that evaluated culture, culture stress, culture effort,
implementation climate, learning climate, leadership en-
gagement, and available resources (Table 2, Supplemen-
tal File #4). We assessed organizational change using an
adapted version (Supplemental File #5) of the General
Organizational Index [16] administered to staff. This
scale is an interview of 11 domains with a 5-point rating
of program philosophy, commitment, client eligibility
and identification, health promotion plan and its treat-
ment, training, process and outcome monitoring, assess-
ment, quality assurance, choice supervision, and
penetration. The Outer setting and Characteristics of the
Individuals involved single questions (range 1–10) evalu-
ating whether staff had confidence in the intervention
Table 1 Intervention characteristics—patient perspective of ease of use and value of technology (n = 27)
Mean ± SDa Median Range
Ease of use of technology
Did you feel that the overall intervention was beneficial and worth your time? 4.6 ± 0.7 5 2–5
How would you rate your level of satisfaction with the video-conferencing device? 4.4 ± 0.8 5 2–5
How helpful was video-conferencing in assisting you to achieve your goals? 4.4 ± 0.7 4 2–5
Did you find the video-conferencing easy to use without much difficulty? 4.9 ± 0.3 5 4–5
SD standard deviation
aScales are represented on a Likert of 1–5, ranging from low to high
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delivery (Table 3). Interviews explored the perceived ad-
vantages, disadvantages, and value of the pilot both to
patient participants and staff, the latter previously pub-
lished [4]. We qualitatively assessed staff barriers to suc-
cess for future scalability (Table 4).
RE-AIM assessment measures
Using RE-AIM, we estimated Reach, which consisted of
the proportion of the number enrolled to the number
evaluated for consultation during this time. Haug’s staff
Adoption questionnaire (Table 5) [68] permitted quanti-
tative evaluation of the stage of change, experience, atti-
tudes, organizational barriers, and strategies to support
evidence-based practices (Likert 1–5). Perceived staff
workflow delays were also evaluated (Likert 1–10 scale).
Qualitative interviews inquired about the patient and
staff’s experience with the intervention; for staff, we ex-
plored whether it enhanced or interfered with workflow,
could be sustainable, or if there were other technical or
other difficulties in delivering care.
Data analysis
Descriptive statistics were computed for continuous var-
iables; for single item questions, proportions (where ap-
propriate) were calculated. All interviews were digitally
recorded in duplicate and transcribed. Data were aggre-
gated into Dedoose [Hermosa Beach, CA]. Transcripts
were read (JAB) who conducted open coding, with
themes independently verified by ABW, an approach
that enhances research rigor by allowing for different
viewpoints [18]. A codebook was developed using
researcher-driven codes derived from each interview and
codes generated through an inductive review of the tran-
scripts. Focused coding using themes identified during
open coding permitted defined analyses through data
immersion. A query tool retrieved the text by code,
reviewed for content, relevance, and prevalence of
themes and grouped. Themes and comments were
mapped to specifically to barriers/facilitators of using
telemedicine, including its impact on clinical care using
pre-specified questions related to the specific elements
of the framework. The main themes reported in this




Of the 27 who completed > 75% of all sessions, mean
participant age was 46.1 ± 12.3 years (88.9% female) with
a body mass index of 41.3 ± 7.1 kg/m2. Mean weight loss
was 2.22 ± 3.18 kg (2.1% change; p < 0.001). There was a
loss in waist circumference of 3.4% (p < 0.001) [4]. The
mean distance from the participant’s home to the center
was 38.8 ± 31.6 miles (mean driving time 36.0 ± 29.0
min). Table 1 describes the intervention characteristics
from the patient perspective, including the benefit of
telemedicine (4.9/5), its value and ease of use (4.6/5),
and its satisfaction and helpfulness (4.4/5). All were
Table 2 Staff inner setting evaluation using Fernandez evaluation (n = 8) [15]
Subscale # Questions Mean Median Range Maximum survey score
Organizational culture 9 questions 39.9 ± 3.2 40 36–44 45
Culture stress 4 questions 12.3 ± 2.7 12.5 8–16 20
Culture effort 5 questions 23.5 ± 1.5 23.5 21–25 25
Implementation climate 4 questions 14.1 ± 2.0 14 11–18 20
Learning climate 5 questions 21.3 ± 3.3 20 17–25 25
Leadership engagement 4 questions 13.5 ± 2.1 14 10–16 20
Available resources 7 questions 22.1 ± 2.2 22 20–27 35
Total 38 questions 146.6 ± 8.6 143.5 139–163 190
Mean ± standard deviation, median, and range are listed for the measures. The last column represents the maximum score for each subscale. This is a 38 item
measure evaluating culture, culture stress, culture effort, implementation climate, learning climate, leadership engagement, and available resources. Supplemental
File #3 outlines each subscale’s detailed questions and scoring from each component
Table 3 Staff confidence in the intervention delivery (n = 8)
Mean ± SD Median Range
My “buy-in” was very high for this project 6.9 ± 3.0 8.0 3–10
I promoted the Telehealth Project to Patients 7.3 ± 2.8 8.0 2–10
I think that Telehealth can improve care quality 7.6 ± 3.1 8.5 1–10
I think the clinic is ready to adopt telemedicine in one form or another 7.3 ± 3.1 8.5 3–10
I value telemedicine as an emerging technology 9.1 ± 1.1 9.5 7–10
Scores range from 1–10 to low to high
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strongly favorable to patients. Patient participants had
similar favorable sentiments regarding telemedicine as
did staff (see below).
Implementation measures
Data on the Inner Setting Evaluation is presented in
Table 2 (Supplemental File #5). Both culture stress and
available resources were challenging, while organization
culture and effort to implement was strongly favorable.
The adapted General Organizational Index [16] demon-
strated two concerns: client identification and process
monitoring. Staff confidence in intervention delivery is
presented in Table 3. Generally, staff had positive feel-
ings regarding using telemedicine and noted above aver-
age expectations regarding its usefulness (Table 4).
Haug’s staff adoption questionnaire [17] is presented in
Table 5. Results suggest an average to above-average
willingness for staff to adopt telemedicine. While the
range of answers were broad, the median response score
was high, suggesting that staff felt confident that this
intervention had considerable potential.
Table 5 represents the major domains and themes
that emerged using select elements from the CFIR
and RE-AIM frameworks. Representative quotes are
presented including the usefulness of telemedicine, its
advantages, and the loss of value that may occur
using this technology. Space for conducting video-
conferencing was a major barrier to success. Many
believed that a hybrid intervention (part in-person,
part remote) might reduce depersonalization. Dedi-
cated resources from senior administration were
needed to ensure successful delivery of telemedicine
within the clinical framework.
Using RE-AIM, we evaluated reach and adoption.
We estimated that this program only reached 37 par-
ticipants with telemedicine (e.g., enrolled participants)
of a potential 385 participants (9.6%) that needed
treatment for obesity. Some crucial findings on work-
flow interference, the impact on reach, work hours,
and barriers to success are also presented. Staff felt
that the study did lead to workflow delays (mean 5.0
± 1.7, median 5.0, range 2–7), but few believed their
existing tasks were altered considerably (3.5 ± 3.4,
median 1.5, range 1–9).
Discussion
The importance of engaging patient and provider stake-
holders in effectively delivering telemedicine within a
clinical setting cannot be overstated. Our results high-
light the characteristics needed for clinical execution
prior to full-scale deployment in order to maximize scal-
ability and dissemination. There was clear value to
Table 5 Staff adoption questionnaire [17] (n = 8)
Mean ± SD Range
Staff adoption questionnaire
Attitudes—positive outcome
Using a treatment manual helps a therapist to evaluate and improve his or her clinical skillsa 3.6 ± 0.5 3–4
Following a treatment manual will enhance therapeutic outcomes by insuring that the treatment being used is supported
by researcha
3.4 ± 0.7 2–4
If a treatment has been shown scientifically to be effective, then the counselor is ethically obligated to use the treatment
as opposed to one that has not been studieda
3.3 ± 1.0 2–5
Attitudes—negative process
Evidence-based practices make counselors more like technicians than caring human beings 3.6 ± 1.2 2–5
Treatment manuals are appropriate for research clients but not “real world” clients 3.5 ± 0.9 2–5
Using evidence-based practices detracts from the authenticity of the therapist interaction 4.0 ± 0.5 3–5
Organizational barriers
Evidence-based practices seem overly complicated and hard to put into practice 3.8 ± 0.9 2–5
There are influential clinicians at my program that are definitely against evidence-based treatments. 4.4 ± 0.9 3–5
It would take some very strong incentives, such as restricting our funding, before our treatment program would use
evidence-based practices
4.3 ± 0.9 3–5
The idea of evidence-based practices sound good in “theory,” but in reality, it is virtually impossible to scientifically test a
phenomenon as complex as substance abuse treatment
3.9 ± 1.2 1–5
The treatments that we do at our program may not be “evidence-based,” but they work just as well, or better. 3.4 ± 1.2 2–5
As long as they do not conflict with treatments already in place at our program, I do not see any problem with using a
few procedures that are evidence-baseda
4.0 ± 0.5 3–5
1 strongly disagree; 5 strongly agree
SD standard deviation
aReverse score
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patient participants with minimal challenges of using
telemedicine.
Staff faced several workflow delays as evidenced by
our mixed-methods assessment. Workspace issues im-
pacted all domains. While space is limited in many
healthcare centers [19], telemedicine requires a dedi-
cated infrastructure that includes a workspace free
from distractions to effectively engage in the two-way
conversation and preserve privacy. In our environ-
ment, health coaches are situated in a large work-
room and hence video-delivery may lead to additional
distractions beyond privacy concerns. The findings
observed in this study parallel those observed by
Brown who found that primary-care providers voiced
concerns that staffing, space, and aligning the sessions
on days/times when staff/patients were available [20]
were barriers to telemedicine implementation. Our
data suggest that staff engagement was highly reliant
on the ability to adequately conduct and schedule
such encounters. Whether specific computer periph-
erals can be used (i.e., noise-canceling headphones) is
a possibility. The inability to integrate sessions within
routine in-person care was a major impediment to
success and highly dependent on several external fac-
tors. Providers are constrained in their ability to run
on time based on rooming, scheduling, and patient
arrival times that could lead to downstream delays.
Increasing visit times or providing breaks between
telemedicine sessions and in-person sessions may be a
potential solution.
“Inner setting” factors impacting staff satisfaction
included participants characteristics. All screened pa-
tients were offered the intervention. Readiness to
change is a known determinant of attrition and inter-
vention compliance for obesity treatment programs
[21]. Our program did not screen participants on the
basis of this measure, leading to participants who
may have been less motivated to initiate change being
included in the sample. Staff felt that 1:1 visits were
not cost-effective and that group-based therapy would
enhance provider satisfaction. Operationally group
visits could improve downstream revenues. Such a hy-
brid in-person/remote program also adds the benefit
of in-person touches and social connectedness that
may not be observed with full-remotely delivered
care. Generally, staff had confidence in this mode of
delivery, although adopting this intervention without
future changes would be problematic. These factors
have previously been observed with the participants
completing this intervention [4].
The evidence-based Veterans Affairs MOVE pro-
gram [22, 23] and their telemedicine results have
demonstrated favorable effectiveness outcomes [24].
Our preliminary results suggested similar challenges
including the need for more staff time. A randomized
trial testing a weight-loss intervention delivered via
telehealth for rural cardiac rehabilitation patients
(mean age 63 ± 9.3 years) also demonstrated useful-
ness and feasibility, but studies are markedly under-
powered. Additional research is needed to further this
modality with such populations [25].
Implementing a rigorous evaluation could enhance,
scale, and expedite dissemination of research-level
programs as evidenced by the TeleMOVE program
[26]. Sustainability is most important, both operation-
ally and financially. Without such information, it
would be difficult to modify programs to permit long-
term solvency. Additionally, our intervention was im-
plemented in a culture conducive to process change.
There was also engagement of the academic missions
from senior stakeholders. Our investigation also had a
number of limitations. First, our pilot was non-
randomized and limited to eight personnel providing
information on clinic-related implementation out-
comes. While we acknowledge that it would be hard
to implement a large-scale project using data from
this small number of staff, it does provide the team
with important information to conduct a larger, type
I hybrid, effectiveness-implementation trial. Second,
our results acknowledge the contextual and
organizational factors that could impact future imple-
mentation. Third, we did not formally evaluate the fi-
delity of the intervention or other measures of
implementation that could potentially foster long-
term sustainability. Last, while the intervention pro-
vided partial support to a research coordinator, none
of the clinical staff were reimbursed, in line with a
pragmatic intervention. Whether other centers are
similarly supported is unknown.
Implementation implications for other rural health
practices
While exploratory, our implementation outcomes pro-
vide useful information to scale-up and spread innova-
tive healthcare interventions [27]. By incorporating our
suggestions to address shortcomings, we can promote
sustainability, success and improved patient outcomes
[28–30]. We recognize that not all elements of CFIR or
RE-AIM were evaluated and that this may limit our abil-
ity to effectively integrate specific elements that can be
helpful in long-term dissemination. However, our ex-
perience provides formative information for others to
consider in implementing telemedicine in other venues,
including primary and specialty care using the above-
noted frameworks:
a. Disseminating an evidence-based intervention:
This exploratory data demonstrates that the
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intervention characteristics (CFIR) from a pro-
vider and patient participant standpoint were fa-
vorable suggesting that the Healthy Lifestyle
Program can be scaled favorably to other centers.
Importantly, our results suggested that staff had
favorable attitudes and confidence in adopting
the intervention (RE-AIM).
b. Patient/staff engagement: The lack of a face-to-
face encounters led to depersonalization, suggest-
ing a need and value of periodic in-person visits
for patient. Rather than the entire intervention
be conducted remotely, a hybrid in-person/re-
motely delivered program could promote social
engagement and connectedness among partici-
pants, but also among staff (RE-AIM). However,
only a future trial could best test this delivery
strategy.
c. Enhancing organizational culture: Our experience
noted that mixing telemedicine visits with on-site
visits led to consider stress and inefficiencies
amongst staff (CFIR). Block scheduling (e.g., all tele-
medicine visits occurring in sequence) could easily
overcome these challenges.
d. Overcoming organizational stress: Key barriers to
successful implementation of telemedicine-based
interventions include the need for a dedicated
space for telemedicine to eliminate potential dis-
tractions. Our experience suggested that conduct-
ing telemedicine in large workspaces leads to
distractions and considerable stress to study staff
(CFIR).
e. Increasing reach: Current 1:1 sessions reduce the
potential reach of participants and should be
reserved for those needing personalized therapy
(RE-AIM). Group remotely delivered sessions can
reduce staff burden and fatigue but increase the
ability to reach more people with limited
resources.
Conclusions
Applying implementation evaluation frameworks such
as CFIR and RE-AIM in our pragmatic pilot interven-
tion of a telemedicine-delivered wellness intervention
provided data in our pre-implementation phase that
could inform future trial sustainability and spread not
only locally, but to other centers and other specialties.
Our approach is novel in that it incorporates ele-
ments of implementation science in a rural academic
infrastructure that, to our knowledge, has not been
fully explored that could be helpful to enhance obes-
ity care within a specialty, rural care environment to
provide data on how to maximize the impact of
practice-based interventions.
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